©Force-Measuring Clamps 

Clamping forces can be measured easily and quickly. 

Dry den Flight Research Center, Edwards, California 


Force-measuring clamps have been in- 
vented to facilitate and simplify the task 
of measuring the forces or pressures ap- 
plied to clamped parts. There is a critical 
need to measure clamping forces or 
pressures in some applications — for ex- 
ample, while bonding sensors to sub- 
strates or while clamping any sensitive or 
delicate parts. Many manufacturers of 
adhesives and sensors recommend 
clamping at specific pressures while 
bonding sensors or during adhesive 
bonding between parts in general. 

In the absence of a force-measuring 
clamp, measurement of clamping force 
can be cumbersome at best because of the 
need for additional load sensors and load- 
indicating equipment. One prior method 
of measuring clamping force involved the 
use of load washers or miniature load cells 
in combination with external power 
sources and load-indicating equipment. 
Calibrated spring clamps have also been 
used. Load washers and miniature load 
cells constitute additional clamped parts 
in load paths and can add to the destabi- 
lizing effects of loading mechanisms. 
Spring clamps can lose calibration quickly 
through weakening of the springs and are 
limited to the maximum forces that the 
springs can apply. 

The basic principle of a force-measur- 
ing clamp can be implemented on a 
clamp of almost any size and can enable 
measurement of a force of almost any 
magnitude. No external equipment is 


needed because the component(s) for 
transducing the clamping force and the 
circuitry for supplying power, condition- 
ing the output of the transducers, and dis- 
playing the measurement value are all 
housed on the clamp. In other words, a 
force-measuring clamp is a complete 
force-application and force-measurement 
system all in one package. The advantage 
of unitary packaging of such a system is 
that it becomes possible to apply the de- 
sired clamping force or pressure with pre- 
cision and ease. 

Like many other load-measuring de- 
vices, a force-measuring clamp contains 
strain gauges and exploits the well-known 
proportionality between strain and ap- 
plied force or pressure. More specifi- 
cally, a force-measuring clamp contains 
four strain gauges electrically connected 
in a Wheatstone bridge. The bridge out- 
put is fed to zero and span circuitry, the 
output of which is digitized and dis- 
played. The span and zero circuitry 
make it possible to calibrate the bridge 
output to indicate force or pressure in 
any suitable unit of measure. 

The strain gauges can be installed by 
use of Measurements Group M-Bond 610 
(or equivalent) epoxy-phenolic adhesive 
or Measurements Group AE 10 (or equiv- 
alent) epoxy adhesive. The strain gauges 
are connected to a terminal strip for in- 
corporation into the bridge by wires of 34 
American Wire Gauge [=6.3 mils (=0.16 
mm) in diameter] . Wires of the same size 


are used for connections between the ter- 
minal and a printed-circuit board. The 
printed-circuit board contains a voltage- 
regulation circuit, the span and zero cir- 
cuits, two watch batteries, and a power 
switch. The final-stage output of the 
printed circuit is fed to a digital-display de- 
vice that is plugged into the printed-cir- 
cuit board, and is controlled by the zero 
and span circuits. Operation of the force- 
measuring clamp is easy: One simply 
slides the power switch to “on,” adjusts the 
display to zero if necessary, applies a 
clamping force, and reads the display. 

The functionality of a “breadboard” 
prototype force-measuring clamp was 
tested in a laboratory by use of the combi- 
nation of certified weights, a load washer, 
a strain indicator, and a voltmeter. Some 
alternate or future embodiments of force- 
measuring clamps may include smaller 
batteries and/or smaller digital displays 
for the sake of compactness, more op- 
tions, and better packaging of all compo- 
nents. Force-measuring clamps and/or 
similar devices could also be incorporated 
into other mechanisms. 

This work was done by Mark Nunnelee of 
Dryden Flight Research Center. 

This invention has been, patented by NASA 
(patent pending). Inquiries concerning nonex- 
clusive or exclusive license for its commercial de- 
velopment should be addressed to Yvonne Kel- 
logg, Technology Commercialization Specialist, 
Dryden Flight Research Center, (661)276- 
3720. Refer to DRC399-37. 


©Cellular Pressure-Actuated Joint 

Pockets in one of the sealing members would help maintain differential pressure. 

Marshall Space Flight Center, Alabama 


A modification of a pressure-actuated 
joint has been proposed to improve its 
pressure actuation in such a manner as 
to reduce the potential for leakage of 
the pressurizing fluid. The specific joint 
for which the modification is proposed is 
a field joint in a reusable solid-fuel 
rocket motor (RSRM), in which the pres- 
surizing fluid is a mixture of hot com- 
bustion gases. The proposed modifica- 
tion could also be applicable to other 
pressure-actuated joints of similar con- 
figuration. 


The RSRM field joint (see figure) 
includes a pressure-actuated member 
denoted the J-leg, which is part of a 
body of insulation. A pressure-sensi- 
tive adhesive (PSA) is used to bond 
the sealing surface of the J-leg to the 
sealing surface of another body of in- 
sulation. The pressure actuation is 
supposed to push these two sealing 
surfaces together. However, experi- 
ence with the joint indicates that it 
may not behave as a truly pressure-ac- 
tuated system. 


The modified version of the joint 
would be the same as the unmodified 
version, except that pockets of empty 
volume would be introduced into the 
body against which the J-leg is pressed. 
The size, shape, and orientation of the 
pockets would be such upon the applica- 
tion of pressure to the hot-gas side of the 
J-leg, the volumes of the pockets would 
not change significantly and hence the 
pressures in the pockets, would not 
change significantly; the net result 
would be that the pockets would support 
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